The role of glutathione in the aerobic radioresponse. I. Sensitization and recovery in the absence of intracellular glutathione.
The effect of changes in both the intracellular glutathione (GSH) concentration and the concentration of extracellular reducing equivalents on the aerobic radiosensitization was studied in three cell lines: CHO-10B4, V79, and A549. Intracellular GSH was metabolically depleted after the inhibition of GSH synthesis by buthionine sulfoximine (BSO), while the extracellular environment was controlled through the replacement of growth medium with a thiol-free salt solution and in some experiments by the exogenous addition of either GSH or GSSG. Each of the cell lines examined exhibited an enhanced aerobic radioresponse when the intracellular GSH was extensively depleted (GSH less than 1 nmol GSH/10(6) cells after 1.0 mM BSO/24 h treatment) and the complexity of the extracellular milieu decreased. Although the addition of oxidized glutathione (5 mM GSSG/30 min) to cells prior to irradiation was without effect, much or all of the induced radiosensitivity was overcome by the addition of reduced glutathione (5 mM GSH/15 min). However, the observation that the exogenous GSH addition restores the control radioresponse without increasing the intracellular GSH concentration was entirely unexpected. These results suggest that a number of factors exert an influence on the extent of GSH depletion and determine the extent of aerobic radiosensitization. Furthermore, the interaction of exogenous GSH with--but without penetrating--the cell membrane is sufficient to result in radiorecovery.